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1. 

BRAILLE ENCOOING METHOD AND DISPLAY 
SYSTEM 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention generally relates to Braille display 

systems which are used to display stored alphanumeric 
text in a Braille code and, more specifically, it relates to 
Braille display systems which incorporate a mechanical 
Braille display and encode the characters of the alpha 
numeric text as three-dimensional Braille symbols con 
sisting of multiple frames of information. 

2. Description of the Prior Art 
Through the use of Braille code, people with serious 

visual impairments are able to read text by touch. The 
Braille code consists of a list of different embossed sym 
bols, each one corresponding to a specific alphanumeric 
character. The embossed symbols conform to a stan 
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dardized format consisting of a three by two array of 20 
dot positions. Each dot position within the array is in 
one of two states, either "on' or "off", depending upon 
the presence or absence of a raised dot. By sensing the 
pattern of raised dots through touch, the visually im 
paired person can identify the symbol and thus, the 
character to which it corresponds. Using this approach, 
the visually impaired person can tactilely read alphanu 
meric text which has been translated into Braille by 
scanning the lines of embossed symbols with his fingers. 

Originally, Braille code was developed for print me 
dia. Today, however, the media for Braille have ex 
panded to include computer display terminals as well. 
Special Braille display terminals are available which 
make it possible for visually impaired people to read 
text stored in a computer. The Braille display terminals 
convert stored computer text into Braille symbols 
which then appear on a mechanical Braille display. 
Generally, the display is a string or window of electro 
mechanical Braille display cells. Each cell contains an 
array of movable pins which can be raised or lowered 
within the cell to create any desired pattern of raised 
dots on the top surface of the cell. The visually impaired 
person tactilely reads the Braille symbols appearing on 
the display. And by electronically moving the window 
about the stored text, the user can read the entire text. 

Since Braille code was originally developed for print 
media, however, it proves to be not well suited for 
displaying the computer-stored text of today. To be 
well suited, the Braille display terminal should be able 
to "show” the visually impaired person what the 
sighted user sees on the screen. Unfortunately, Braille 
codes found in the prior art have severely limited capac 
ity They are adequate for encoding the limited informa 
tion found in text which appears on the printed page, 
but they are not adequate for encoding computer-stored 
text which may be specially highlighted and formatted 
for visual display. 

Since the standard Braille 3X2 array contains six dot 
positions, it can only provide 64 different symbols. Yet, 
for computer displays there are significantly more than 
64 characters which must be encoded. Besides the 26 
lower case alphabetic characters, there are 26 upper 
case characters and ten numeric characters, a total of 62 
characters. Add to this list all punctuation marks and 
such commonly used characters as =, --, -, / (, ), S, 
and *, and the number already exceeds 64. Indeed, it 
may be desirable to represent all of the characters of the 
seven bit ASCII code, which is an accepted standard 
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2 
for computer based systems. The ASCII code contains 
128 characters, requiring twice the capacity of the stan 
dard six-dot-position Braille code. 
Text formatted for video display presents even 

greater challenges to Braille display systems. The video 
displayed text may contain video attributes or enhance 
ments which convey essential information. For exam 
ple, the available video attributes include double height 
or double width text, and bold, blinking, reverse video 
or underlined characters. These highlights are com 
monly utilized to mark special segments of text or pro 
vide indicators of areas into which the user is supposed 
to insert data. Typically, the video attributes are added 
to text by inserting "invisible' control commands in 
text. These commands are not printed on the video 
screen, only their intended effect is displayed. If the 
visually impaired person cannot detect the presence of 
these attributes, he may be unable to recognize impor 
tant information or respond in the manner intended or, 
worse yet, he may not be able to understand the text. 
Thus, a Braille display system must be capable of satis 
factorily identifying characters or text possessing video 
attributes. 

In addition, computers have the capability of utilizing 
several different character sets. For example, besides 
the U.S. ASCII code there are the U.K. ASCII code 
and a number of other non-national character sets, as 
well as line drawing characters and graphics characters. 
A satisfactory Braille code for use on computers should 
be capable of identifying each of these for the visually 
impaired person. 
The prior Braille display systems do not adequately 

address these needs. Either they ignore video attributes 
and "unusual' characters (e.g. characters from other 
character sets) or they do an incomplete and poor job of 
displaying them. The systems which do not simply 
ignore video attributes or "unusual' text employ one or 
more of the following three methods to encode text for 
the Braille display. One method implements a Braille 
code which has additional dot positions in the multi-dot 
array. The second method displays the control com 
mands which turn on and off the video attributes within 
the text. The third method adds one or more prefix 
symbols to the standard Braille symbol to identify each 
character having special features and to identify the 
character set from which the characters are selected. 
Each of these methods has serious drawbacks. 
The codes which utilize more dot positions in the 

array have greater capacity than the code based upon 
the 6-dot array but they do not have sufficient capacity 
to also encode video attributes and identify characters 
from multiple character sets. All of the expanded array 
codes basically utilize the same format: a standard 6-dot 
Braille symbol with one or two modifier dots added in 
a fourth row. The modifier dots indicate whether the 
6-dot symbol is upper case, lower case or a control 
character. They adopt this format to maintain accept 
able compatibility with other existing Braille codes. But 
because they use this format, these codes usually ac 
commodate only the 128 characters of the ASCII char 
acter set. Thus, this approach is inadequate. 

Displaying character attribute control commands and 
character set specifiers along with the text also yields an 
unsatisfactory solution. Since the highlighted words or 
phrases are often interspersed throughout the text, this 
approach leads predictably to very confusing and some 
times unreadable results on the Braille display. First, the 
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normally desired flow of the text is destroyed by the 
appearance of often complicated control commands on 
the Braille display. Second, if the reader misses a char 
acter set specifier, the text may be unintelligible to the 
reader. For example, in a mathematical formula utiliz 
ing both Greek and Arabic symbols, missing a switch to 
the Greek character set can completely change the 
meaning of the formula or make it meaningless. 
Another problem is that the systems do not distin 

guish between visual attribute control commands and 
other control commands. Thus, line returns, paragraph 
indents, and other formatting commands will also ap 
pear on the Braille display, cluttering up the text and 
greatly complicating the reading task for the visually 
impaired person. Moreover, the presence of the control 
commands on the Braille display disrupts the intended 
formatting of the text by altering the relative spatial 
relationship of characters within the text. Where the 
video screen requires only one position to describe a 
character along with its video attributes, the Braille 
display requires several. Thus data which appears in 
columns on the video screen, will be completely mis 
aligned on a Braille display system that signals the pres 
ence of video attributes by displaying the control con 
mands. In instances when preserving vertical alignment 
of text is especially important, such as in financial re 
ports or balance sheets, the text appearing on the Braille 
display may become completely-undecipherable. 
For similar reasons, the third method of adding prefix 

symbols to standard Braille symbols is equally unsatis 
factory. As just noted, using two or more Braille sym 
bols to represent a single character of video displayed 
text alters the relative spatial relationship of the charac 
ters in the text. When "seeing' a properly formatted 
display is essential to understanding the text, this alter 
ation is unacceptable. 
One objective of this invention is to provide a Braille 

display system which implements a Braille code having 
sufficient capacity to encode the range of characters 
and symbols utilized in text created for video display. 
Another objective of this invention is to provide a 

Braille display system which displays text in a Braille 
code and, in the displayed text, preserves the relative 
spatial relationships of the characters as they would 
exist on a video screen display of the same text. 
Other objects either are stated in the following de 

scription or will become evident in view of the descrip 
tion of the succeeding illustrative embodiment. 

SUMMARY OF THE INVENTION 

In accordance with these objectives, the invention is 
a Braille display system which encodes text and displays 
that text on a mechanical Braille display using a three 
dimensional Braille code. Each symbol of the code has 
four frames each of which comprises a 4X2 dot-posi 
tion array. When the text first appears on the Braille 
display, the system initially presents the top frame of 
each symbol. The system also includes a frame selection 
control by which a user can cause each of the remaining 
three frames of the relevant Braille symbol to appear 
individually on the Braille display. When each succeed 
ing frame appears, it replaces the preceding frame of the 
same symbol. Thus, by using the frame selection con 
trol, a user can examine all four frames of each symbol 
at his discretion. 
Within each three-dimensional Braille symbol, the 

description of the character in text is hierarchically 
ordered among the frames. The objective of the order 
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4 
ing is to minimize the number of frames which a user 
needs to examine in order to read and understand most 
kinds of text. The top frame, using a conventional 
Braille code which is compatible with other Braille 
codes found in the prior art, presents a modified ASCII 
representation of the character located at a specified 
position in text. The remaining three frames of each 
symbol further describe the character at the specified 
position, including such parameters as video attributes, 
size and character set identifiers. Thus, if a user is read 
ing text containing only standard ASCII characters 
with no special video attributes, he can fully understand 
the text by examining only the top frames of the sym 
bols. 

In addition, the upper frames in the three-dimensional 
Braille symbol indicate whether the reader needs to 
examine lower frames in order to understand the char 
acter. The top frame flags the character if it has non 
standard video attributes or is in other ways unusual. 
And, if the character comes from a non-standard char 
acter set, the second frame notifies the user that he must 
sense subsequent frames to learn the identity of the 
non-standard character set. Thus, with this previewing 
feature, the user need not examine lower frames to learn 
if they contain additional useful information and he can 
thus make an informed decision as to whether to exam 
ine the lower frames. 
By using three-dimensional Braille symbols, the 

Braille display system embodying the invention 
achieves two objectives which have been incompatible 
in prior systems. First, it displays substantially all of the 
information necessary to describe a character as it ap 
pears in text on a video display and, at the same time, it 
preserves among the characters presented on the Braille 
display the relative spatial relationships that exist 
among those same characters when they are displayed 
on a video screen. 
With this display system the visually impaired user 

can read stored text and use applications programs 
which were essentially inaccessible to him under the 
prior systems. Video attribute information and charac 
terset identifiers which may be essential for understand 
ing and using the stored text, are not ignored by the 
Braille display system. Yet, the character attribute in 
formation and the character set identifiers are not inter 
spersed throughout the text so that they interfere with 
the reading process. In comparison with prior Braille 
display systems, the system embodying the invention 
presents the visually impaired person with a more accu 
rate display of the text, i.e. as it will appear on the video 
screen to the sighted person. 
BRIEF DESCRIPTION OF THE DRAWINGS 

This invention is pointed out with particularity in the 
appended claims. Other objects and advantages of the 
invention may be better understood by referring to the 
following detailed description, taken in conjunction 
with the accompanying drawings, in which: 
FIG. 1 is a block diagram of a Braille display system 

embodying the invention; 
FIG. 2 is a representation of a three-dimensional 

Braille symbol which is used to encode information in a 
Braille display system which embodies the invention; 
and 

FIGS. 3A and 3B present a Braille code representa 
tion of the U.S. ASCII characters which is utilized 
within the three-dimensional Braille symbols embody 
ing the invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As illustrated in FIG. 1, a Braille display system 
which embodies the invention comprises a digital data 
processor 10 for storing and processing alphanumeric 
text which may be formatted for visual display on a 
video screen 12. Each position within the stored text 
contains a character which comes from an identifiable 
character set and may possess identifiable attributes or 
enhancements which determine how that character will 
be displayed on the video screen 12. The Braille display 
system also comprises a mechanical Braille display 14 
for displaying the text in a Braille code. The Braille 
display 14 includes a string of electro-mechanical 
Braille cells 16 which generate Braille indicators com 
prising an array of raised dots in response to an actua 
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tion signal 18 provided by the digital data processor 10. 
Typically, the digital data processor 10 stores in a 

random access memory 20 the text which is to be dis 
played on the mechanical Braille display 14. The mem 
ory locations occupied by the stored text represent a 
virtual display screen and the string of Braille cells 16 
on the Braille display represents a window through 
which segments of the virtual screen can be viewed. 
Circuitry of the digital data processor 10 and associated 
software, known to those skilled in the art, give the user 
the ability to effectively move the window about the 
virtual screen by means of cursor controls 24, thereby 
to view all of the stored text. 
The digital data processor 10 also includes circuitry 

and associated software which encodes the description 
of the contents of each position within the stored text as 
a three-dimensional Braille symbol 22 (Refer to FIG. 2). 
The Braille symbol 22 comprises four frames, each of 
which is a 4x2 array of dot positions. These frames 
include a top frame 22a, a second frame 22b, a third 
frame 22c, and a bottom frame 22d. In each frame a dot 
position is either "on' or “off” depending upon the 
presence or absence of a raised dot. Each of the frames 
22a-d contains information describing the character 
located at a specified text location. Each Braille symbol 
22 occupies a single cell 16 on the Braille display 14. 
When a selected segment of the stored text is initially 
displayed on the Braille display 14, the top frames 22a 
of the relevant Braille symbols 22 first appear on the 
Braille cells 16. 
The processor 10 also includes frame selection means 

26 which can cause the different frames 22a-d of the 
Braille symbol 22 to appear on a Braille cell 16 one at a 
time. By using the frame selection means 26, the user 
can examine the remaining three frames 22b-d in suc 
cession, each succeeding frame replacing the previously 
displayed frame on the Braille display cell 16. Of 
course, for more complex character or attribute sets, or 
for other languages more than four frames may be used. 
Likewise for less complex character or attribute sets, 
fewer than four frames may be used. 
A visually impaired person uses the system to read 

stored text in the following way. The reading cursor 
controls 24 select a segment of the stored text for view 
ing at the mechanical Braille display 14. In essence, the 
Braille symbols 22 corresponding to the characters of 
the stored text appear on the string of Braille cells 16, 
each symbol occupying a single cell of the display 14. 
Initially, only the top frames 22a of the relevant Braille 
symbols 22 appear on the display 14. The remaining 
frames 22b-d effectively lie beneath the corresponding 
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6 
cell and can be viewed by using the frame selection 
means 26 to move the window through the stack of 
frames, frame by frame. 
The contents of each location in the stored text ap 

pears as a single Braille symbol 22 on the display 10. 
Each symbol 22 contains a substantially complete de 
scription of the character located at the specified loca 
tion in the text, including the video attributes of the 
character as well as a character set identifier. Since each 
position in the text as it is displayed on a video screen is 
described by a single Braille symbol 22, the relative 
spatial relationship of the characters in video display 12 
of the text are preserved when the same text is displayed 
on the Braille display 14. Data which appeared in 
aligned columns on the video screen will still appear as 
aligned columns of data on the Braille display 14 even if 
the data has associated video attributes. 
Within each Braille symbol 22, the character informa 

tion is hierarchically ordered among the four frames 
22a-d. Although there is a range of alternatives for 
distributing the character information within the frames 
22a-d, I have selected an ordering which is designed to 
achieve the following objectives. The ordering which I 
selected facilitates the reading of text in Braille, it mini 
mizes the need to examine frames beyond the top frame 
22a it minimizes the number of frames which need to be 
examined and it simplifies the code. In addition, upper 
frames 22a and 22b contain a preview of the information 
which is contained in succeeding frames. The preview 
information notifies the user that the character has un 
usual features which are further described in lower 
frames 22b-d. 
For purposes of the following description of the 

frames 22a-d within the Braille symbol 22, the dot posi 
tions are labeled as illustrated in FIG. 2. The first col 
umn of the 4X2 array comprises dot positions 1, 2, 3, 
and L. The second column comprises dot positions 4, 5, 
6, and C. 
The top frame 22a is a character summary frame and 

it is encoded as illustrated in FIGS. 3A and 3B. It is 
divided into two zones: the first zone contains dot posi 
tions 1 through 6 which present a standard Braille code 
for the character; and the second zone contains dot 
positions L and C which modify the information pres 
ented in the first zone. Of course, a number of different 
conventions for defining the significance of the L and C 
dot positions may be used, the choice depends upon the 
application. In this embodiment, however, the follow 
ing convention was selected If neither L nor C are 
raised, the character is an ordinary Braille character 
compatible with the standard 3X'array codes in the 
prior art. Generally speaking, if L is raised and C is not, 
the character is lower case; and if the C is raised but L. 
is not, the character is a control character. Typically, 
control characters are not displayed on a video screen 
but instruct the screen or another output device to per 
form some task such as moving a cursor to the left 
margin. If both L and C are raised, the character is 
"unusual' and cannot be completely identified by the 
top frame 22a. "Unusual' means that the character has 
video attributes, that it is double width or double height 
or that it is from another character set. If both L and C 
are raised, the user will have to view another frame to 
determine what is "unusual' about the character. 
The second frame 22b is a character attribute frame 

and it further identifies the character. The frame 22b is 
organized into three distinct sections: a video attribute 
section, a character set summary section and a line attri 
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bute section. The video attribute section comprises dot 
positions 1, 2, 4 and 5 and each dot position in that 
section signals the presence of a specific video attribute. 
If dot position 1, 2, 4 or 5 is on, the video attribute is 
bold, blinking, reverse video or underscored, respec 
tively. Accordingly, if both dot positions 1 and 7 are on, 
then both bold and blinking are present. 
The character set summary section comprises dot 

positions 3 and 6. This section not only indicates the 
character set from which the character is selected but it 
also provides a preview of the fourth frame 22d in the 
Braille symbol 22. If neither of these dot positions is on, 
then the character set is a default national character 
which is this instance is the U.S. ASCII character set. If 
only dot position 3 is on, characters are from a line 
drawing character set. If only dot position 6 is on, char 
acters are from an alternative national character set 
such as the U.K. ASCII character set. And, if both dot 
positions 3 and 6 are on, then characters come from 
another optional characterset which is further specified 
in the fourth frame 22d. 
The line attribute section comprises the remaining 

two dot positions, L and C. This section indicates if the 
line is double height or double width and whether the 
display is presenting the top half of a double height line 
or the bottom half. If both dot positions are off, the line 
is single height. If only dot position L is on, the line is 
single height, double width. If only dot position C is on, 
the line is double height, top half. And if both dot posi 
tions are on, the line is double height bottom half. 
The third frame 22c is an ASCII code frame. It dis 

plays the full indicator for the ASCII character which is 
precisely the entry found in the chart illustrated in 
FIGS. 3A and 3B. This frame often duplicates informa 
tion displayed in the top frame 22a except in the follow 
ing situation. If, for example, the character has a video 
attribute, then both the L and C dot positions in the top 
frame 22a are on. In that case, the top frame cannot 
unambiguously identify the ASCII character being dis 
played. For example, if the character is a bold lower 
case "a', the raised dot pattern in the top frame 22a 
would be 1, L., C. As noted, both the L and C dots are 
on. Consequently, the top frame 22a cannot distinguish 
whether the character is “A”, “a' or “SOH'. The L 
and C dot positions in he third frame 22c are not used to 
preview the bottom frame 22d, so the third frame 22c 
can unambiguously identify which ASCII character is 
being displayed. 

Finally, the fourth frame 22d is a character set speci 
fier frame. It contains the ANSI/ISO registered charac 
ter set designator for the character set to which the 
character belongs. 
The Braille display system displays text formatted for 

a video display in the following manner. By means of 
the reading cursor controls 24, a user selects the seg 
ment of text which he wants to appear on the mechani 
cal Braille display 14. The top frames 22a of each of the 
Braille symbols 22 representing the characters in the 
selected segment appear as a sequence of 4X2 indica 
tors on the display 14. If, for example, the characters in 
the segment are underlined, then the bottom two dot 
positions of the 4x2 array in each display cell, dot 
positions L and C, will be on. This indicates that the 
characters are unusual and cannot be fully described by 
the top frame 22a. To learn more about the character, 
the user must examine the lower frames. 
By using the frame selection means 26, the user can 

call up the other frames 22b-d one by one, each subse 
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8 
quent frame replacing the preceding frame. When the 
second frame 22b appears, it will indicate the presence 
of video attributes. If the characters are normal except 
for the underlining, that is if they are from the U.S. 
ASCII character set and are of normal height and 
width, then only dot position 5 of the second frame 22b 
will be on. At that point, if the user does not know by 
the context whether the character is upper case, lower 
case or a control character, then he can call up the third 
frame 22c by again using the frame selection means 26. 
In that frame the character is fully identified according 
to the table in FIG. 3. Since the character is from the 
U.S. ASCII set, there will be no need to examine the 
bottom frame 22d. Indeed, the character set summary 
section of the second frame 22b indicates to the user that 
it is unnecessary to examine the fourth frame 22d. 

This example also illustrates another advantage of 
this system. Even though characters in text may have 
video attributes, the user does not have to examine the 
second frame 22b of each symbol to learn what the 
video attributes are. Once he learns that underlining is 
present on the first characters in a line of text, he might 
assume that subsequent characters of text which also 
have both L and C dot positions on in the top frames 
22a are also underlined. And when those dot positions 
turn off on later characters of text, that suggests that the 
underlining has ended. Consequently, the user need not 
spend time examining lower frames 22b-d of subsequent 
symbols and he can read the text more quickly with no 
real loss of information. 

I claim: 
1. A system for displaying text in Braille code, said 

text having characters with video attributes and being 
formatted for a visual presentation in which the charac 
ters have a predetermined relative spatial relationship 
with each other, said system comprising: 
A. a digital data processor for storing and processing 

said text; 
B. A Braille display terminal having an electro 

mechanical Braille display cell for displaying 
Braille code; 

C. cursor control means for selectively identifying a 
position in said text and the character located at 
said position, including attributes of said character; 

D. first control means for hierarchically ordering a 
description of the identified character into a plural 
ity of frames of information, said plurality of frames 
including a top frame and a bottom frame, wherein 
said top frame appears on the Braille display cell 
when said character is caused to be displayed on 
said display cell; and 

E. frame selection means for causing a successive 
frame of said plurality of frames t be displayed on 
said Braille display cell whereby said successive 
frame replaces the frame previously displayed on 
said display cell, 

whereby a substantially complete description of any 
character of text and its associated attributes can be 
displayed on a said Braille display cell by using said 
cursor control means to identify the position in text and 
then using said frame selection means to individually 
display the plurality of levels of information and 
whereby the formatting and relative spatial relationship 
of the characters in the displayed text are substantially 
preserved. 

2. The system as defined in claim 1 wherein the top 
frame comprises a 4X2 dot-position array. 
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3. The system as defined in claim 2 wherein the first 
three rows of the 4x2 dot-position array present a 
standard Braille code for the character. 

4. The system as defined in claim 1 wherein the top 
frame presents a standard Braille code for the character. 

5. The system as defined in claim 1 wherein the fourth 
row of the 4x2 dot-position array previews informa 
tion contained in other frames. 

6. The system as defined in claim 1 wherein the plu 
rality of frames consist of four frames in which the top 
frame is a first frame and the bottom frame is a fourth 
frame. 

7. The system as defined in claim 6 wherein the sec 
ond frame presents information about the video attri 
butes of the character. 

8. A method of encoding and displaying text on an 
electro-mechanical Braille display, said text having 
characters with video attributes and being formatted for 
a visual presentation in which the characters have a 
predetermined relative spatial relationship with each 
other, said method comprising steps of: 
A. hierarchically ordering a description of each char 

acter into a plurality of frames of information, said 
plurality of frames having a top frame and a bottom 
frame; 

B. displaying said top frame of the description of the 
character when said character is first caused to be 
displayed on said display; 
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C. individually on the Braille display replacing the 

displayed frame of said character with a succeed 
ing frame of said plurality of frames; and 

D. repeating step C until all of the frames of the de 
scription of the character have been displayed, 

whereby the formatting and relative spatial relationship 
of the characters in the displayed text are substantially 
preserved when said text is displayed on said Braille 
display and the description of each character can be 
fully communicated by first displaying said top frames 
and then individually displaying successive frames until 
all frames have been displayed. 

9. The method of claim 8 wherein the top frame com 
prises a 4X2 dot-position array. 

10. The method of claim 9 wherein the first three. 
rows of the 4x2 dot-position array present a standard 
Braille code for the character. 

11. The method of claim 9 wherein the fourth row of 
the 4X2 dot-position array previews information con 
tained in other frames. 

12. The method of claim 8 wherein the top frame 
presents a standard Braille code for the character. 

13. The method of claim 8 wherein the plurality of 
frames consists of four frames wherein the top frame is 
a first frame and the bottom frame is a fourth frame. 

14. The method of claim 13 wherein the second frame 
presents information about the video attributes of the 
character. 
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